Abstract We examined the distribution of quantitative heel ultrasound (QUS) parameters in population samples of European men and looked at the influence of lifestyle factors on the occurrence of these parameters. Men aged between 40 and 79 years were recruited from eight European centers and invited to attend for an interviewer-assisted questionnaire, assessment of physical performance, and quantitative ultrasound (QUS) of the calcaneus (Hologic; Sahara). The relationships between QUS parameters and lifestyle variables were assessed using linear regression with adjustments for age, center, and weight. Three thousand two hundred fiftyeight men, mean age 60.0 years, were included in the analysis. 
QUI. There was a U-shaped association with frequency of alcohol consumption. Modification of lifestyle, including increasing physical activity and stopping smoking, may help optimize bone strength and reduce the risk of fracture in middle-aged and elderly European men.
Keywords Epidemiology Á Ultrasound Á Bone mineral density Á Risk factors Á Exercise Quantitative ultrasound (QUS) measurements at the heel have been shown to be associated with risk of spine and nonspine fracture in men and women [1] [2] [3] [4] [5] [6] [7] [8] [9] . The strength of prediction has been reported to be at least as strong as that for bone mineral density (BMD a ) measurements assessed using dual-energy X-ray absorptiometry (DXA) and to be independent of DXA BMD a . There is evidence that fracture rates in men and women vary across Europe, with higher rates in northern than in southern Europe [10, 11] . Whether or not such geographic variation can be explained by variation in the level of ultrasound parameters in these populations is unknown. Furthermore, compared to data using DXA, relatively less is known about the lifestyle factors which influence heel ultrasound parameters in men. There is some evidence that physical activity and smoking may influence heel ultrasound broadband ultrasound attenuation (BUA) and speed of sound (SOS) in men, however, the findings are not always consistent [12] [13] [14] [15] [16] [17] [18] [19] [20] . Such data are important: knowledge of risk factors is the first step in the development of effective population wide strategies to optimize bone health.
The European Male Ageing Study is a multicenter population-based study of aging in men aged 40 to 79 years. We used data from the study to determine the distribution of the ultrasound parameters BUA, SOS, and the derived quantitative ultrasound index (QUI) across different European populations and to explore the association between lifestyle factors and these parameters.
Methods

Subjects
The subjects included in this analysis were recruited for participation in the European Male Ageing Study. Men were recruited from population-based sampling frames at eight centers: Florence (Italy), Leuven (Belgium), Lodz (Poland), Malmo (Sweden), Manchester (UK) Santiago del Compostella (Spain), Szeged (Hungary), and Tartu (Estonia). Details regarding recruitment, response rates, and assessments have been described previously [21] . Participating centers were selected to provide geographical and socioeconomic diversity within Europe and facilities to perform epidemiological surveys. Stratified random sampling was performed at each center, with the aim of recruiting 100 men in each of four 10-year age bands: 40-49, 50-59, 60-69, and 70-79 years. Subjects were invited by letter to complete a postal questionnaire and attend for an interviewer-assisted questionnaire, assessment of physical performance, and ultrasound of the heel. Subjects were recontacted, usually within 4 weeks, if they did not reply following the first letter. Ethical approval for the study was obtained in accordance with local institutional requirements at each center.
Assessments
The postal questionnaire included questions concerning time spent walking or on a bicycle out of doors each day (response set = none, \30 min, 30 min to 1 h, [1 h); smoking-both ever and currently; and alcohol consumption in the previous year (response set = every day, 5-6 days per week, 3-4 days per week, 1-2 days per week, less than once a week, not at all). There was also a question about prior fracture since the age of 25 years (response set = no, yes, don't know). The main study questionnaire included the physical activity scale for the elderly (PASE) and the SF36 quality of life questionnaire [22, 23] . Subjects were also asked whether they were currently being treated for any of a list of 14 morbidities: heart conditions, high blood pressure, pituitary disease, testicular disease, chronic bronchitis, asthma, peptic ulcer, epilepsy, diabetes, liver conditions, kidney conditions, prostate disease, adrenal disease, and thyroid disease. A number of performance measures were undertaken including the Tinetti assessment of balance and gait, which included the time taken to go from sitting to standing position five times and the time taken to walk 50 ft [24, 25] . In addition, height and weight were measured in a standardized fashion.
Quantitative Heel Ultrasound
Quantitative ultrasound of the heel was performed using the Sahara Clinical Sonometer (Hologic, Bedford, MA, USA) using a standardized protocol. Each center used the same machine model, and each calibrated daily with the physical phantom provided by the manufacturer. Outputs included BUA and SOS. In addition, machine-derived parameters were quantitative ultrasound index (QUI), a measure of stiffness [QUI = 0.41(SOS) ? 0.41(BUA) -571]; and estimated heel BMD [eBMD; g/cm 2 ; eBMD = 0.002592 9 (BUA ? SOS) -3.687]. Quality control (QC) was performed at each center as per the manufacturer's instructions. All QC results were sent to Leuven and compiled and checked for stability throughout the study. To establish the short-term precision of the method in this population, duplicate measurements were performed in 20 randomly selected cohort members at one of the centers (Leuven, Belgium). The in vivo coefficient of variations (CVs) were 2.8% and 0.3% for BUA and SOS, respectively, and 2.3% and 3.4% for QUI and eBMD, respectively. Repeat measurements (10) were performed on a roving phantom at each of the eight centers. Standardized CVs (SCVs) [26] for within-machine variability ranged by center: for SOS, from 1.0% to 5.6%; and for BUA, from 0.7% to 2.7%. SCVs for between machine-variability were 4.8% for BUA and 9.7% for SOS.
Analysis
Descriptive statistics were used to characterize the distribution of the heel ultrasound parameters (BUA, SOS, QUI, and eBMD) by age and center. In the analysis of risk factors PASE and SF36 physical component score (PCS) were categorized into tertiles. We grouped comorbidities by number (none, one, two or more), although we also looked separately at the more frequent individual comorbidities including heart disease, hypertension, cardiovascular disease, bronchitis, diabetes, and prostate disease. Body mass index (BMI) was calculated by dividing weight (kg) by height squared (m 2 ). Linear regression was used to determine the association between each of the measured ultrasound parameters, and also QUI, and the various putative risk factors (including age) with the ultrasound parameters as the dependent variables. The results are expressed as absolute differences (b coefficients) and 95% confidence intervals (CIs). Adjustments were made initially for age, weight, and center. A multivariable analysis was then performed with statistical models including all the lifestyle factors that were significantly associated with the QUS parameters and age, weight and center. We also looked at the association between prior fracture and the ultrasound parameters. Statistical analysis was performed using STATA version 9.2.
Results
Subjects
A total of 3258 men with a mean age of 60.0 years (SD = 11.0 years) had QUS measurements performed. There were 772 men aged 40-49 years, 874 aged 50-59 years, 816 aged 60-69 years, and 796 aged [70 years. The number of men at each center ranged from 388 to 427. Characteristics of the subjects are reported in Table 1 . Mean BMI was 27.6 kg/m 2 (SD = 4.0 kg/m 2 ); PASE score, 196.2 (SD = 91.7); and SF36 physical score, 50.0 (SD = 8.2). Sixty-five percent of subjects reported walking or cycling for more than 0.5 h per day. 70% reported having Table 2 . There were significant differences in weight, PASE score, SF36 physical score, time taken to go from a sitting to a standing position, time taken to walk 50 ft, time spent walking/cycling, smoking status, alcohol consumption, number of comorbidities, and self-reported previous fracture by center.
Associations with Age, Center, and Previous Fracture There were significant differences in the measured parameters BUA and SOS, and the derived parameter QUI, by center; see Table 3 . BUA was lowest in Szeged, Hungary, and highest in Manchester, UK (70.4 vs. 87.7 dB/MHz), as was QUI (90.4 vs. 104.9). SOS values were lowest in Florence, Italy, and highest in Leuven, Belgium (1542.5 vs. 1561.2 m/s). There was no evidence of any consistent geographic trend toward higher or lower levels in northwestern (Leuven, Malmo, Manchester), southern (Florence, Santiago), or eastern (Lodz, Tartu, Szeged) Europe. The variation by center was similar in those aged above and below 65 years. There was an apparent decline in BUA, SOS, and QUI with age (see Figs. 1, 2, 3) , though given the cross-sectional nature of the data, this needs to be interpreted with some caution. There was no evidence of any significant age 9 center interaction for BUA (p = 0.49), SOS (p = 0.24), or QUI (p = 0.33). After adjustment for age, an increase in weight was significantly associated with an increase in all three QUS parameters: BUA (b coefficient = 0.21 dB/ Mhz), SOS (b = 0.17 m/s), and QUI (b = 0.16). Significant center differences in the ultrasound parameters persisted after adjustment for age, weight, and, also, number and type of comorbidities and, also, after further adjustment, for frequency of alcohol intake, smoking, and physical activity. After adjustment for age, weight, and center, those with a history of self-reported fracture since age 25 years had significantly lower ultrasound values compared to those without: BUA (b = -5.4 dB/Mhz), SOS (b = -10.4 m/s), and QUI (b = -6.5).
Association with Lifestyle Factors
The association between SOS, BUA, and QUI and lifestyle factors is reported in Table 4 . The major finding was that increasing levels of physical activity were associated with an increase in all three QUS parameters. After adjustment Further adjustment for individual comorbid conditions (heart disease, hypertension, cardiovascular disease, bronchitis, diabetes, prostate disease) or number of comorbidities did not attenuate the association between QUS parameters and smoking (ever or current) or alcohol consumption. When all the lifestyle factors that were associated with the ultrasound parameters were included in a multivariable model, BUA remained positively associated with measures of physical activity, including time spent walking or cycling and SF36 physical score, and negatively associated with time taken to walk 50 ft, current smoking, and alcohol consumption (see Table 5 ). Similarly, SOS and QUI remained positively associated with PASE score, time spent walking or cycling, and SF36 physical score and negatively associated with time taken to walk 50 ft, current smoking, and alcohol consumption.
Discussion
In this population survey, there was evidence of variation in levels of measured heel ultrasound parameters, BUA, SOS, and also QUI across Europe. The ultrasound parameters decreased with age, with no evidence, however, of any important age 9 center interaction. Increased levels of physical activity and physical performance were associated with higher BUA and SOS, while smoking was associated with lower values. There was a U-shaped association with frequency of alcohol intake. Our study was population based and used standardized methods in assessment of QUS and of lifestyle and other characteristics. There are, however, limitations which need to be considered when interpreting the results. The overall response rate for participation was 45%. It is possible that those who were invited but did not take part may have differed with respect to levels of the ultrasound parameters. Assessment for possible response bias requires some auxiliary data about nonresponders. In EMAS a sample of nonresponders was contacted by telephone and invited to complete a short survey. Compared to EMAS participants, those who took part in the telephone survey (n = 361) were more likely to be current smokers (33 vs. 21%; p \ 0.001). No differences were found, however, in general health, time spent walking or cycling per day, or proportion who had ever smoked [21] . While some caution is needed in interpreting the data, factors influencing participation are unlikely to have influenced the results of the risk factor analysis, which was based on an internal comparison of those who participated. Questionnaires and other instruments used in the study were translated from English into the seven European languages in which their use was intended. Given concerns that subtle differences in the translation process may have influenced questionnaire responses, the questionnaire was back-translated by language experts from the relevant European language back into English. Given that the subjects were unaware of their bone ultrasound measurement results, any misclassification related to questionnaire response is likely, however, to be random and therefore would tend to reduce the likelihood of finding significant biological associations. There are no published methods for cross-calibration of QUS [27] and the results reported are the data as obtained at each center. Any errors related to measurement, however, are likely to be nondirectional and would tend to reduce the risk of finding significant biological associations. Given the cross-sectional design of the study, it is not possible to determine the temporal nature of the observed relationships, for which prospective data are needed, although it seems unlikely that lower ultrasound parameters would lead to a reduction in levels of physical activity. Finally, the study was based on assessment of middle-aged and elderly European men and extrapolation beyond this group should be undertaken with caution.
In the analyses there was variation in the distribution of the ultrasound parameters across Europe. There was no consistent geographic trend toward higher or lower levels in northern or southern Europe. There is evidence from epidemiological studies that fracture rates are higher in Scandinavia than elsewhere in Europe [10, 11] , however, in our study the mean BUA and SOS in Malmo, Sweden, were close to the average in these European men. As discussed, however, we did not undertake any cross-calibration and some caution is required in interpreting these data. Our data show a decline in bone ultrasound parameters with age, with no evidence of any important center difference in the rate of decline. Over the four-decade span of those who participated, the average annual decline amounted to 0.16% for BUA, 0.03% for SOS, and 0.23% for QUI. In an observational study of 1138 Spanish men aged 18-99, using the same measurement device, the QUS parameters declined by between 0.08% and 0.41% per year [28] . A decrease in the parameters with age has been observed using other sonometers [17, 19, [29] [30] [31] [32] . In our study physical activity was positively associated with the bone ultrasound parameters. The activity measures which we studied, however, primarily assessed the amount or volume of activity rather than the loading, which may be more important to bone health. Most, though not all, studies which have examined the impact of physical activity on heel ultrasound parameters in men suggest a beneficial effect [12] [13] [14] [15] [16] [17] [18] [19] [20] . In one of the largest studies, of 4981 men, aged 60-80 years, recalled physical activity was linked with increased QUI as measured using a Lunar Achilles device [17] . Most studies, however, have focused on historical or self-report of physical activity linked with ultrasound measures. In our study we observed an association also with two physical performance measures-the time taken to go from sitting to standing five times and the time to walk 50 ft-with those who took longer to perform these activities having lower ultrasound parameters. It seems likely that these are a proxy for higher levels of physical activity including higher intensity activities and consequent bone loading, though we cannot confirm or refute this [33] . Also, our assessment of bone health was restricted to the heel and it is possible that the effect may differ at other skeletal sites. In women, for example, walking has a greater impact on the calcaneus than the hip and spine [34] .
Other lifestyle factors were important in men. Smoking, both ever and current, was linked with a reduction in all ultrasound parameters. Previous studies using both the Sahara device and other sonometers provide somewhat discrepant findings, with some, though not all, reporting a negative association [12, 13, 15-17, 19, 29, 32, 35] . There are fewer data concerning the impact of alcohol consumption, with most suggesting no association [12, 15, 17, [36] [37] [38] [39] [40] . In our study we found a U-shaped association between alcohol consumption and the QUS measures, where compared to moderate drinking, both light and heavy drinking were associated with a reduction in QUS. This is consistent with some data from bone mass measurement studies finding that social drinking is associated with beneficial effects on bone mass [41] .
What is the potential impact of our findings in relation to fracture occurrence? QUS parameters have been linked with fracture in previous studies in both men and women [1] [2] [3] [4] [5] [6] [7] [8] [9] . In our study a self reported history of fracture was associated with a reduction in BUA, SOS, and QUI. Data from a large prospective study showed that the risk of both hip and nonhip fracture increased by a factor of twofold for each unit (SD) change in BUA and SOS [5] . In our study the difference in SOS between those who did and those who did not smoke amounted to an approximate one-third of a standard deviation of the measurement, while for the physical activity scores (PASE and SF36 PCS) the difference in SOS between those in the lowest and those in the highest tertiles of activity was about one-fifth of a standard deviation. Although the risk of fracture attributable to the different exposures is relatively low, given that they are potentially modifiable and common, they would certainly be potential candidates for inclusion in a population strategy for fracture prevention to optimize bone health in middle-age and elderly men, with the ultimate aim of reducing fracture occurrence. Some caution, however, is needed in interpreting the data in relation to physical activity, as physical activity may influence fracture risk by influencing susceptibility to and also risk of falls [33, 42] .
In this population survey of European men, QUS parameters declined with age and varied by center across Europe. Lifestyle factors including physical activity, smoking, and alcohol intake influenced bone health.
